Resumen Este artículo explora la cambiante volatilidad de los rendimientos de la deuda soberana en la Unión Económica y Monetaria (UEM). Para ello, se examina el comportamiento de los rendimientos diarios de 11 países de la UEM (UEM-11), durante el período 2001-2010. En un primer paso, descomponemos la volatilidad de los componentes permanentes y transitorios utilizando el modelo GARCH de componentes propuesto por Engel y Lee (1999) . Nuestros resultados sugieren que los componentes transitorios, relacionados con la percepción del mercado, tienden a ser menos importantes en la explicación de la volatilidad o riesgo de los bonos que las perturbaciones registradas en las variables macroeconómicas subyacentes. En un segundo paso, se desarrolla un análisis de correlación y causalidad que indica la existencia de dos grupos diferentes de países estrechamente relacionados: los países que conforman el núcleo de la UEM y los países periféricos de la UEM. Por último, en una tercera etapa, se realiza un análisis cluster que respalda nuestros resultados sobre la existencia de dos grupos diferentes de países, con distintas posiciones respecto a la estabilidad de las finanzas públicas.
Introduction
Since the introduction of the euro, the eurozone's monetary authorities have shown great interest in the integration and the efficient functioning of financial systems of countries of the Economic and Monetary Union (EMU). This interest is explained by the relevance of its implications: their contribution to economic growth, the disappearance of trade barriers, a more efficient allocation of capital among different investment opportunities and consumption, and increased competitiveness and the functioning of market discipline, among others. Additionally, a robust and integrated financial system facilitates the efficient functioning of the monetary transmission mechanism and is capable of promoting better absorption of any financial shocks of the different economies (European Central Bank, 2010) . However, there are also some critical voices to that integration process. An eventual reduction of opportunities for diversification of risk by private investors and a potential increase in the spread between markets, as highlighted the crisis of sovereign debt in the euro area in 2010, are some of the arguments most commonly used in this sense.
Unlike the extensive literature on the interrelationships in the equity markets (see Bessler and Yang, 2003, among others) , few empirical studies about the relationships that have the returns of assets in fixed income markets. In addition, the scare empirical literature has focused on the transmission of volatility between international bond markets (see Cappiello et al., 2003; Christiansen, 2003, or Skintzi and Refenes, 2006 among others) , been neglected the research on the interrelationships of the public debt markets in the context of EMU. The few exceptions include Cuñado and Gómez-Puig (2010) , Geyer and Pischler Kossmeier (2004) , Gómez-Puig (2009a and 2009b) or Pagano and von Thadden (2004) .
The objective of this paper is to analyse the volatility behaviour of sovereign bond yields in different euro zone countries. To that end, examine behaviour for daily yields 11 EMU countries (EMU-11) during the 2001-2010 period. We decompose volatility in permanent and transitory components using Engel and Lee (1999) ´s component-GARCH model. Furthermore, we develop a correlation and causality analysis between permanent and transitory volatilities and we look for clusters in permanent and transitory volatilities of sovereign yields.
The paper is organised as follows. Section 2 describes the econometric methodology adopted in this study. Section 3 presents the data and the empirical result, and Section 4 offers some concluding remarks.
2. Econometric Methodology Engle and Lee (1999) proposed a "component-GARCH" (C-GARCH) model to decompose time-varying volatility into a permanent (longrun) and a transitory (short-run) component.
Consider the original GARCH model:
As can be seen, the conditional variance of the returns here has mean reversion to some timeinvariable value, ω . The influence of a past shock eventually decays to zero as the volatility converges to this value ω according to the powers of (α+β). The standard GARCH model therefore makes no distinction between the long-run and short-run decay behavior of volatility persistence.
For the permanent specification, the C-GARCH model replaces the time-invariable mean reversion value, ω , of the original GARCH formulation in equation (1) with a time variable component q t :
where, q t is the long-run time-variable volatility level, which converges to the long-run time-invariable volatility level ω according to the magnitude of ρ. This permanent component thus describes the long-run persistence behaviour of the variance. The long-run timeinvariable volatility level ω can be viewed as the long-run level of returns variance for the relevant sector when past errors no longer influence future variance in any way. Stated differently, the value ω can be seen as a measure of the 'underlying' level of variance for the respective series. The closer the estimated value of the ρ in equation (2) is to one the slower q t approaches ω , and the closer it is to zero the faster it approaches ω . The value ρ therefore provides a measure of the long-run persistence.
The second part of C-GARCH model is the specification for the short-run dynamics, the behaviour of the volatility persistence around this long-run time-variable mean, q t :
According to this transitory specification, the deviation of the current condition variance from the long-run variance mean at time t . Therefore, in keeping with its GARCH theoretical background, the C-GARCH specification continues to take account of the persistence of volatility clustering by having the conditional variance as a function of past errors. As the transitory component describes the relationship between the short-run and long-run influence decline rates of past shocks values of (γ+λ) closer to one imply slower convergence of the short-run and long-run influence decline rates, and values closer to zero the opposite. The value (γ+λ) is therefore a measure of how long this short-run influence decline rate is.
Together, these two components of the C-GARCH model describe, just like the original GARCH formulation, how the influence of a past shock on future volatility declines over time. With the C-GARCH model however, this persistence is separated into a short-run and long-run component, along with the estimation of the underlying variance level once the effect of both components has been removed from a series.
Data and Empirical Results

DATA
We use daily data of 10-year bond yields from As for the transitory components, the coefficient γ , which quantifies the initial impact of a shock to the transitory component of the C-GARCH model, is only significant (at least at the 5% level) in five out of the eleven cases considered, while the coefficient λ , which indicates the degree of memory in the transitory component, is also significant (at least at the 5% level) in five out of the eleven cases examined. Shock persistence in the transitory components is nevertheless also fairly high for Belgium, Greece, Ireland, Italy and Spain, as measured by the sum of the transitory parameters, ( ), γ λ + being 0.871, 0.882, 0.878, 0.749 and 0.888, respectively. The short-run component half-live decay is less than one day in Austria, France, Germany and Portugal; five days in Belgium, Greece, Ireland and Spain; one day in Finland and The Netherlands; and two days in Italy, indicating full decay of a shock to the transitory components within few days 2 .
Before proceeding further, we compare the performance of the C-GARCH model to the GARCH model. Note that the C-GARCH model reduces to the GARCH(1,1) model if either ˆ0 ,
on this coefficient restrictions are reported in the last columns of Table 1 . As can be seen, the null hypothesis is decisively rejected in all cases at the 1% level, favouring C-GARCH specification over the GARCH(1,1) specification.
In order to have a visual representation of the role played by the two volatility components of the conditional variance, Figure 2 plots the time evolution of the total variance, permanent variance and transitory variance for the daily difference in 10-year bond yields for the EMU-11 countries under study. In general, the plots indicate that the permanent component has smooth movements and approaches a moving average of the GARCH volatility, while the transitory component responds largely to market fluctuations, tracking much of the variation in conditional volatility. Consistent with 2 The short-run half-life measure is computed using the formula: show that the long-run component is characterised by a time varying but highly persistent trend, while the short run component is strongly mean-reverting to this trend. For all countries and periods, the temporary component of volatility is much smaller than the permanent component, suggesting that transitory shifts in debt market sentiment tend to be less important determinants of bond-yield volatility than shocks to the underlying fundamentals. Yet, relative to its lower mean level, the transitory component is in all cases much more volatile than the long-run trend level of volatility, as one would expect.
Correlation analysis
To gain further insights in the behaviour of the permanent and transitory components of the conditional variance, we examine the correlation coefficients between each series. The results for the permanent component are shown in Correlations between the transitory components of volatility are presented in Table 3 . These results show very weak correlation between the series, with all correlation coefficients lower than those found for the permanent components. Nevertheless, we detect relatively positive strong correlations between the transitory components of volatility in ten out of the fifty five cases examined (Austria and Finland, Austria and France, Finland and France, Belgium and Germany, Italy and Ireland, Austria and The Netherlands, Finland and The Netherlands, France and The Netherlands, Ireland and Spain, and Italy and Spain), whereas relatively strong negative correlations is found in three cases (Italy and The Netherlands, Greece and Portugal, and Greece and Spain). Given that transitory volatility could be related with the arrival of information specific to each market, we could take the presence of these correlations as evidence of speculation and hedging positions.
Causality analysis
In this section we present results from the Granger (1969) approach to causality to explore the relationship between all possible pairs in our sample, given that the previous analysis of correlation does not necessarily imply causation in any meaningful sense of that word. Granger's approach is based on the time series notion of predictability: given two variables, variable X causes variable Y if the present value of Y can be predicted more accurately by using the past values of X and Y than by using only past values of X. Tables 4 and 5 report the value of F-Statistic used to test the null hypothesis that all the coefficients of the past values of the auxiliary variable are zero for the permanent and transitory components, respectively.
Regarding the relationship between permanent volatility ( 
Cluster analysis
Hitherto, when analysing of permanent and transitory volatilities of sovereign yields, a pattern seems to arise linking on the one hand core EMU countries and on the other peripheral EMU countries. As can be seen in Figure  3 , we find relationships linking countries with similar positions regarding the stability of public finance as specified in the Maastricht Treaty to the euro as their currency and in the Stability and Growth Pact to facilitate and maintain the stability of EMU (i. e.: public debt and fiscal deficit not exceeding 60% and 3% of GDP, respectively). It is interesting to note that these two groups roughly correspond to the distinction made by the European Commission (1995) between those countries whose currencies continuously participated in the European Exchange Rate Mechanism (ERM) from its inception maintaining broadly stable bilateral exchange rates among themselves over the sample period, and those countries whose currencies either entered the ERM later or suspended its participation in the ERM, as well as fluctuating in value to a great extent relative to the Deutschmark. These two groups are also roughly the same found in Jacquemin and Sapir (1996) , applying multivariate analysis techniques to a wide set of structural and macroeconomic indicators, to form a homogeneous group of countries. Moreover, these two groups are basically the same that those found in Ledesma-Rodríguez et al. (2005) according to the perception of economic agents with respect to the commitment to maintain the exchange rate around a central parity in the ERM. Therefore, there seems to be an association between in permanent and transitory volatilities of sovereign yields between countries with similar degree of confidence that economic agents assign to the announcements made by policymakers.
To further explore this classification, we look for clusters in the permanent and transitory volatilities of sovereign yields. Cluster analysis groups countries that share the same characteristics using only information based on the data. The goal is that countries within a group should be similar to one another and different from countries in other groups. The greater the similarities within a group (i.e, the smaller the intra-cluster distances) and the greater the differences between groups (i. e., the larger the inter-cluster distances), the more distinct the clustering. Two clustering methods have been used: the hierarchical and the partitioning algorithms. The first starts by forming a group for each country. Employing some criterion of similarity, the countries are grouped at different levels. The procedure goes on until all countries are in a single cluster. 4,00 0,00 20,00 40,00 60,00 80,00 100,00 120,00 S overeig n de bt/G DP B udg et defic it/G DP actual observations of the individuals and not their proximities, which means that it is more suitable for clustering large amounts of data such as temporal series. The algorithm finds a partition in which countries within each cluster are as close to each other as possible and as far from the countries in other clusters as possible. Each cluster is defined by its cluster centre, or centroid, the point at which the sum of the square Euclidean distances from all the countries is minimized. The iterative algorithm minimizes these square distances within all the clusters, but the final results depend on the first random assignation. To overcome the two disadvantages of the k-means method (the selection of the number of clusters and the dependence of the results on the initial partition), we have repeated the algorithm for a different randomly selected set of initial centroids and select, among the different local minima, the one with the create their silhouette plots that display a measure of how close each point in one cluster is to a point in the neighbouring clusters. This procedure allows us to the check the robustness of the number of clusters selected.
We apply this method to the permanent and transitory components of the volatility of sovereign yields. Looking at the results of the hierarchical method (not shown here to save space), 2 or 3 clusters seems to be the most suitable decision for the permanent component and 3 for the transitory one. The k-means method selects 2 and 3 clusters, respectively. So, we should select 2 clusters for the permanent components and 3 for the transitory one.
Regarding permanent volatility, the results for m=2 groups determine that Greece, Ireland and Portugal are included in the first cluster and the rest of countries in the second, although Spain and Italy would be outliers in this second cluster because they present the highest distance from the cluster centroid. Figure 4 illustrate these results. The vertical axis represents the inter-cluster distance and the horizontal axis represents the number of countries. The size of the balls represents the value of the cluster centre, which can be interpreted as the average behaviour of the cluster with respect to the permanent volatility (i. e., the bigger the ball, the higher the permanent volatility). As can be see, countries in the first cluster, characterised by characterized by a high ratio of both public debt to GDP and deficit/GDP, had asked for financial assistance after being under pressure due to doubts regarding the compliance of debt payments and the need of restructuring their debt. On the other hand, countries in the second cluster either present a high record in both variables (Italy and to a lesser extent the Netherlands) or have a high deficit (Spain). Finally, countries in the third cluster show a better performance on both criteria of fiscal solvency, with the possible exception of Belgium. Note: The size of the balls represents the value of the centroid (i. e., the average behavior of the cluster with respect to the permanent volatility). The vertical axis represents the inter cluster distance and the horizontal axis represents the number of countries.
As for the transitory volatility, the algorithm clearly identifies three clusters: Group 1 formed by Ireland; Group 2 composed of Spain, Portugal, Italy and Greece; and Group 3 consisting of the rest of the countries. Figure 5 illustrate these results. As can be seen, the size of the balls in Group 2 and 3 is very similar, while the size of the ball in the first cluster (Ireland) is much bigger. Note also that, within Group 3, Belgium is very distant from the rest.
Concluding Remarks
This paper has explored the evolving relationship in the volatility of sovereign yields in the European Economic and Monetary Union (EMU) during the 2001-2010 period. To that end, we have made use of Engel and Lee (1999)´s component-GARCH model to decompose volatility in permanent and transitory components.
Our results suggest that permanent conditional volatility exhibits long memory (with long-run component half-live decay ranking from 83 days in The Netherlands to 331 days in Ireland), being the temporary component of volatility much smaller (with short-run component half-live decay ranking from is less than one day in Austria to two days in Italy). These findings indicate that transitory shifts in debt market sentiment tend to be less important determinants of bond-yield volatility than shocks to the underlying fundamentals. Furthermore, our correlation and causality analyses between permanent and transitory volatilities of sovereign yields indicate the existence of two different groups of countries closed linked (core EMU countries and peripheral EMU countries), with different degree of credibility assigned to the announcements made by policymakers and with different positions regarding the stability of public finance.
We believe it is highly relevant in the current context, especially since it has not yet been addressed in sufficient depth by the literature. Note: The size of the balls represents the value of the centroid (i. e., the average behavior of the cluster with respect to the transitory volatility). The vertical axis represents the inter cluster distance and the horizontal axis represents the number of countries.
